Introduction
Egg yolk is widely used and generally accepted as an essential ingredient in diluents employed for the freezing of bovine spermatozoa for use in artificial insemination (AI) . Although the efficacy of egg yolk in conferring protection to spermatozoa during cooling to temperatures above freezing was first described nearly 50 years ago (Phillips, 1939) , attempts to characterize the component responsible for and the mechanism of cryoprotection have not been conclusive. Phospholipids (Kampschmidt, Mayer & Herman, 1953) , phosphatidylcholine (Martin, 1963; Lanz, Pickett & Komarek, 1965; Masuda & Nishikawa, 1972) , various lipid extracts and lipoprotein fractions (Bialy, Ludwick, Hess & Ely, 1957; Gebauer, Pickett, Komarek & Gaunya, 1970) and specific lipo¬ proteins (Masuda & Nishikawa, 1972; Foulkes, 1977) have all been reported to confer cryo¬ protection during cooling, freezing and thawing, as assessed by maintenance of cellular integrity and retention of motility after thawing. Foulkes & Stewart (1977) have demonstrated the maintenance of fertility in spermatozoa frozen in an egg-yolk lipoprotein diluent prepared from egg-yolk lipoprotein fraction 3 (Foulkes, 1977) and used for AI. Foulkes (1977) and MacDonald & Foulkes (1981) have suggested that egg-yolk lipoproteins may exert their cryoprotective effect by interacting with and stabilizing the sperm membrane. Foulkes (1977) has proposed that egg-yolk components bind firmly to bovine sperm membranes.
Enzyme-labelled antibody methods have proved useful tools for the detection of antigens in solution (Engvall & Perlmann, 1971) and in tissue (Nakane & Pierce, 1966) . These techniques provide a method for the detection of molecules to which a specific antibody can be raised. This paper describes the use of an enzyme-labelled antibody method to investigate the interaction of egg-yolk lipoprotein fraction 3 with bovine spermatozoa. the first major peak (Fraction 1) and two incompletely resolved fractions from the second peak (Fractions 2 and 3). The fractions were concentrated, using an Amicon TCF-2 concentration cell, to a final concentration of 10 mg protein/ml as determined by the method of Lo wry, Rosebrough, Farr & Randall (1951) .
Antiserum production. Egg-yolk lipoprotein Fraction 3 was exhaustively dialysed against phos¬ phate-buffered saline (PBS; 0-1 m, pH 7-0) and diluted to 1 mg protein/ml before innoculation into rabbits. Rabbits were injected subcutaneously with 0-5 mg protein in 50% Freund's Complete Adjuvant (FCA) into several sites dorsally. After 4 weeks these animals received a further 0-25 mg protein in 50% FCA by the same route. Blood was collected from the ear vein 10 days later and the serum was separated by centrifugation. Antiserum from 3 rabbits was pooled after assess¬ ment of specificity by the double-immunodiffusion test (Ouchterlony & Nilsson, 1973 Assay. Semen was diluted in the diluent being investigated and dispensed into polystyrene tubes (75 mm 10 mm; 1 ml/tube). Spermatozoa were allowed to equilibrate (4°C; 16 h) before centri¬ fugation (320 g ; 5 min). The supernatant was discarded and the pellet resuspended in trisodium citrate (3% w/v; pH 7-0; 3 ml) to disperse egg-yolk granules before centrifugation (320 g; 5 min). The washing procedure was repeated a further 5 times using PBS (3 ml/wash). After the final wash, the supernatant was discarded and the pellet resuspended in PBS (0-3 ml).
The rabbit antiserum to lipoprotein Fraction 3 was diluted (1/4000) in 0-25% bovine serum albumin (BSA) in PBS to reduce non-specific reactions and 1 ml was added to the tube. Tubes were vortexed (5 sec) and incubated (30 min, 37°C). After incubation tubes were centrifuged (1300 g; 10 min) and the supernatant (1 ml) was recovered and transferred into polystyrene cuvettes previously coated with Fraction 3. The recovered supernatant was incubated in the cuvettes (30 min; 37°C) before washing with PBS/Tween 20 (3 washes; 2 ml/wash). Diluted IgG-fraction goat anti-rabbit IgG/alkaline phosphatase conjugate (Miles Biochemicals, Slough, U.K.) was added (1 ml; 1/1500; diluted in 0-25% BSA in PBS) and the cuvettes were incubated at 37°C for 30 min before washing 3 times with PBS/Tween 20 (2 ml/wash). The cuvettes were emptied and drained over absorbent paper for 2 min before substrate ("Sigma 104" phosphatase substrate, 1-4 mg/ml; Sigma Chemical Co., Poole, U.K.) in diethanolamine buffer (10% v/v, pH 9-8, containing 0-01% w/v MgCl2. 6H20) was added (1 ml). The reaction was stopped after 40 min by the addition of NaOH (0-2 m ; 2 ml). fig. 3c ) was significantly lower than in whole egg yolk or Fraction 3 diluents (P < 0-05).
Discussion
The results obtained using the indirect lipoprotein binding assay strongly support the contention that certain lipoproteins bind firmly to bovine spermatozoa. The total binding of egg-yolk lipo-protein to spermatozoa increased with sperm number (Text-fig. 1 ), suggesting consistent levels of binding of lipoproteins to individual spermatozoa. The degree of binding was not reduced by extensive washing of the spermatozoa (Text- fig. 2 ), supporting earlier work in which no reduction in the binding of radiolabelled egg yolk components to bovine spermatozoa occurred after washing 20 times (Foulkes, 1977) . Similarly, MacDonald & Foulkes (1981) could detect no reduction in the fluorescence associated with lipoprotein binding to bovine spermatozoa after extensive washing. The reduction in binding detected after washing 11 and 12 times in this study was probably due to cell loss: sperm fragments were microscopically visible in the supematants from these washes. Washing 10 times may be the practical limit using this washing procedure before significant cell disruption occurs. Conversely, Watson (1975) (Foulkes, 1977 (Foulkes, 1977) and the apparently similar "peak 2" (Pace & Graham, 1974) have previously been shown to be effective in protecting bull semen during cooling, freezing and thawing. Earlier work (Foulkes, 1977; Watson, 1979; MacDonald & Foulkes, 1981 ) based on radioactive labelling of egg-yolk lipids or l-anilino-naphthalene-8-sulphonate fluorescence has suggested interactions between egg-yolk components and spermatozoa although these techniques were unable to demonstrate the binding of specific egg-yolk components because of lack of specificity in the labelling techniques. The present study, however, demonstrates by specific antibody labelling using a novel enzyme-labelled technique selective binding of a particular eggyolk lipoprotein (Fraction 3) to bovine spermatozoa. The results show that this lipoprotein, which is known to possess cryoprotective properties (Foulkes & Stewart, 1977) , is the major egg-yolk component that binds to bovine sperm membranes. This strengthens the theory that the cryo¬ protective action of egg yolk involves the stabilization of the sperm membranes through the binding of certain egg-yolk lipoproteins.
